Objectives: Neovascular glaucoma (NVG) is a severe complication that may follow pars plana vitrectomy (PPV) for diabetic macular edema (DME). The objective of this study was to evaluate the effectiveness of perioperative fluorescein angiography (FA) and targeted photocoagulation of the non-perfused area (NPA) in preventing the occurrence of postoperative NVG.
Introduction
Diabetic macula edema (DME) is one of the leading causes of decreased vision in diabetic patients with diabetic retinopathy. According to the 2012 meta-analysis, 34.6% of diabetic patients suffered from diabetic retinopathy, and 6.81% suffered from DME [1] . Laser photocoagulation (PC), intravitreal or sub-Tenon's injection of triamcinolone acetonide, and pars plana vitrectomy (PPV) has been used for treatment of DME. In recent years, the advent of anti-vascular endothelial growth factor (VEGF) therapy has transformed the treatment of DME [2] and has become the first-line treatment for center-involving DME [3, 4] . In 2014, the Ministry of Health Labour, and Welfare in Japan approved two anti-VEGF agents (ranibizumab; aflibercept) for treatment of DME.
There is a good deal of evidence suggesting that PPV also effectively restores retinal function and significantly decreases DME [5] [6] [7] . According to the recent trend following introduction of anti-VEGF agents, candidates for PPV include those with vitreomacular traction and those with an epiretinal membrane detected by optical coherence tomography in current clinical practice [5] .
Pars plana vitrectomy seems effective in DME but is associated with certain complications, such as cataract, retinal detachment [8] . Moreover, vitrectomized eyes often have postoperative progression of anterior segment neovascularization, which can lead to neovascular glaucoma (NVG) [9] . Among these NVG is a severe com-geon (K.S.). All phakic eyes underwent lens phacoemulsification and intraocular lens implantation. After core vitrectomy, a posterior vitreous detachment was induced using triamcinolone acetonide in cases in which it had not occurred. The internal limiting membrane was not removed in any case. Intraoperative-PC was added in cases with vitreous hemorrhage or with insufficient pre-operative laser treatment to the peripheral retina.
Results
Subjects were 52 patients who received PPV for DME, and Table 1 shows the baseline clinical characteristics of the patients. The mean postoperative follow-up period was 38.7 ± 25.2 months. All subjects had an intraocular pressure of 21 mmHg or less both before and after surgery. Table 2 shows the timing of PC; a total of 47 eyes (83.9%) eventually underwent PRP. None of the cases developed NVG nor were any other postoperative complications, such as expulsive hemorrhage, retinal detachment, and postoperative endophthalmitis, observed.
Discussion
Anti-VEGF agents have become the first line therapy for DME in recent years. However, vitrectomy is still indicated in eyes with vitreomacular traction and/or an epiretinal membrane detected by optical coherence tomography [5] . Therefore, vitrectomy remains an important treatment option for eyes with DME in clinical practice. Postoperative NVG is a serious complication associated with vitrectomy that can cause blindness. Unfortunately, there have been no reports that focus on postoperative NVG prevention. In our study, none of subjects developed NVG after vitrectomy, perhaps plication following PPV, which can occur at any point in time during the observation period and can potentially lead to blindness. In the long-term follow-up data, the reported rate of NVG was 3.9% [10] , while another report placed it at 4.6% [11] , suggesting that it is important to evaluate ischemic states and monitor patients on a monthly basis in the clinic [5] .
The present study investigated retrospectively whether post-operatively NVG could be prevented by strictly targeted retinal photocoagulation (TRP) when non-perfused areas (NPA) were detected on fluorescein angiography (FA).
Methods
This retrospective, interventional case series study was performed from October 2002 to December 2017 at The University of Tokyo Hospital (Tokyo, Japan) and approved by the Ethical Committee of Tokyo University Graduate School of Medicine (#2217). All patients underwent a comprehensive ophthalmic examination, and informed consent was obtained from each of the patients after they were provided sufficient information on the planned procedures. All subjects were screened for NVG before and after surgery with thorough slitlamp examination of the iris/pupillary margin, gonioscopy of the anterior chamber angle, and measurement of intraocular pressure. Neovascular glaucoma was defined as the presence of vessels at the pupillary margin or in the anterior-chamber angle.
Vitrectomy was selected as the best treatment for cases in which central macular thickness remained at 300 μm or more (measured using optical coherence tomography) after a sub-Tenon's steroid injection administration, for cases of apparent vitreomacular traction or an epiretinal membrane detected by optical coherence tomography. After the launch of anti-VEGF agents, vitrectomy was selected as the best treatment when anti-VEGF therapy was contraindicated because of risk, economic problems, or a history of a cerebral infarction or cardiovascular event. The perioperative period was defined as the time encompassing 1 year before and 1 year after surgery.
In the included cases, FA was performed within 1 year of surgery, in cases with unclear images due to an intervening translucent opacity, FA was performed within 1 year after surgery. Eyes with a distinct and extensive capillary NPA (> 5-disc areas on the major axis on FA) underwent TRP and eyes with retinal neovascularization (identified with FA) underwent pan retinal photocoagulation (PRP), and single-spot photocoagulation was performed in all cases requiring PRP. Patients with a history of NVG or anti-VEGF therapy, eyes with a vitreous hemorrhage that prevented DME evaluation were excluded from analysis.
A standard three-port PPV using a 20G or 23G system under local anesthesia was performed by a single sur- * non-PDR = All eyes included in this study had severe NPDR (eyes with mild or moderate NPDR were not included). n = number of eyes, SD = Standard Deviation, PDR = Proliferative Diabetic Retinopathy, PVD = Posterior Vitreous Detachment. because of thorough PC in the perioperative period. In addition, we also think it important to perform a postoperative FA in cases where it could not be conducted preoperatively or where additional intraoperative-PC was performed. Previous reports have mentioned that neovascularization of the iris usually presents within 1-2 months postoperatively [11] . Although, we reviewed FA findings within 1 year of surgery, it is better to perform FA within 1 month of vitrectomy so that additional PC can be performed if necessary. Although a thorough PC for retinal ischemia is necessary to prevent NVG, over-treatment that could cause visual-field defects or aggravation of DME should be avoided. The Early Treatment Diabetic Retinopathy Study Group reported that a mild scatter PC treatment (400-600 laser shots) was significantly more effective in preventing narrowing of the visual field compared with full scatter treatment with 1200-1600 shots [12] . Moreover, we have previously reported that the burn expansion ratio after PC is larger in spots created with intraoperative-PC than in those created with a transpupillary PC [13] . It is clear from these findings that excessive laser treatment with a large number of laser shots should be avoided, and PC is preferable before surgery in cases where NPA is confirmed preoperatively.
In summary, the current study suggests that perioperative FA and adequate retinal PC for NPA are important strategies for preventing post-operative NVG.
